In the Gulf of Mexico (GoM) at least three near-surface water masses are affected by 35 mesoscale processes that modulate the biogeochemical cycles. Prior studies have presented 36 different classifications of water masses where the greater emphasis was on deep waters and 37 not on the surface waters (σθ < 26 kg·m-3), as in this work. Here presents a new classification 38 of water masses in the GoM, based on thermohaline properties and dissolved oxygen (DO) 39 concentration using data from a total of five summer and winter cruises carried out primarily 40 in the central GoM. The reclassification includes an adjustment to the spatial range of 41 Caribbean Surface Water (CSW), which is detected only during the summer. This water mass 42 extends from the surface to  90 m and features warm waters (27-32 ºC), high salinities (up 43 to ~36.8), non-detectable nitrate concentration, and negative values of the apparent oxygen 44 utilization (AOU) of  -27 μmol·kg-1. Below the CSW, the deeper Gulf Common Water 45
by the GCW affected the biogeochemical composition of surface water as observed from an 48 increase in nitrate concentrations, positives values of AOU ( 90 μmol·kg-1) and a decrease 49 in surface temperatures (< 27 ºC). This is because during winter, the Tropical Atlantic Central 50
Water (TACW) that lies below the GCW is closer to the surface and contributes nutrients 51 and low DO via strong vertical mixing induced by the windy "Nortes" season. CARS2009 52 analysis supports the formation of the subsurface maximum of DO during the summer and 53 disappears in winter. In this work also named surface water that is characterized by a low salt 54 content ( 33.1) from 0 to 20 m as Freshwater Influenced Surface Water (FISW). 55 5 TACW, AAIW y NADW). Finally, Hamilton et al. (2018) performed an analysis with high-103
resolution data from the deeper waters (SUW, AAIW y NADW) of the western and eastern 104 in the GoM, with results that were consistent with the findings of the previous authors. 105
Obviously, different water masses may be present depending on the region of the GoM that 106 is being studied. 107 108
In particular, the above authors focused on the role of the dominant LCE's on the 109 hydrographic characteristics of the central and western GoM (Fig. 1a ). However, their 110 proposed classification did not include near-surface waters; for example, lower salinities 111 (likely due to river inputs) were not included. Excluding water masses with lower salinities 112 in the classification scheme limits the inferences that can be made regarding source waters. 113
This points to the necessity of generating a more detailed classification system in the surface 114 layers above the 26 kg·m-3 isopycnals, which includes the full range of thermohaline 115
properties of water masses. When DO concentrations are added to the Θ-SA diagram as a third 116 axis, it can be observed that DO shows a high variability (> 200 μmol·kg-1) upwards of the 117 26 kg·m-3 isopycnal (Fig. 1b ). This change in DO is a result of biogeochemical processes via, 118 photosynthesis, respiration, and exchange with the atmosphere, which also lead to changes 119 in dissolved inorganic carbon (DIC) and nutrients. 120 121 From a biogeochemical perspective, the surface waters of the deep GoM are considered 122 oligotrophic as they are relatively isolated from the more eutrophic waters of the coast and 123 continental shelves (Heileman and Rabalais, 2009; Damien et al., 2018 ; but see López y Zavala-Hidalgo, 2009). Near the surface, and far from the coast, low rates of primary 125 production (low than 0.15 g C m-2 d-1; Biggs y Ressler, 2001) have been reported; however, 126 6 productivity in subsurface waters maybe two to three times higher (El-Sayed, 1972; Biggs 127 and Ressler, 2001) . Dynamic features such as mesoscale processes, river inputs, the extent 128 of the seasonal LC incursion, and wind stress can greatly alter the distribution of chemical 129
properties in the GoM (Linacre et al., 2015; Damien et al., 2018) . Overall, the effect that 130 water masses have on the seasonal extension of the mixed layer is not well understood, 131 though its deepening and shallowing play an important role in the rates of primary production 132 (Damien et al., 2018) . 133
134
In this work propose a classification for water masses lighter than 26 kg·m-3 that more 135 precisely defines the ranges of thermohaline circulation and DO of the CSW and GCW, 136 thereby providing a better basis for understanding the processes associated with water mass 137 formation, distribution, and biogeochemistry in surface waters of the central and western 138 regions of the GoM. Our purpose is to provide a better tool for studying the drivers that 139 modulate water mass distribution and its formation in surface waters, as well as the links 140 between water masses and their biogeochemical properties. The reclassification includes an 141 adjustment of the thermohaline range of CSW and the GCW. In this work also propose the 142 formal recognition of Freshwater Influenced Surface Water (FISW) that is characterized by 143 September 2015, and July 2016 (XIXIMI-01 through XIXIMI-05, respectively) on board the 153 R/V Justo Sierra (Fig. 1c ). During these campaigns, a minimum of 30 and maximum of 51 154 stations per cruise were occupied, and a total of 235 hydrographic casts were performed to 155 characterize the vertical distribution of potential temperature (Tθ), salinity (S), potential 156 density (σθ), and DO. An SBE 911plus CTD was used; the instrument and sensors were 157 serviced and calibrated regularly. samples, 50 ml of seawater were filtered through Whatman GF/F filters previously calcinated 164 at 450 °C for 2 hours, transferred to centrifuge tubes and frozen. Each sample was transported 165 frozen to the laboratory for later analysis. During each cruise, seawater was also routinely 166 sampled for DO (evaluated by the Winkler method) measurements and to calibrate the CTD 167 data. Additionally, the apparent oxygen utilization (AOU) was calculated from DO, T, and S 168 using TEOS-2010 equations. AOU is defined as the deviation of the measured dissolved 169 oxygen from a DO concentration in equilibrium with the atmosphere (Benson and Krause, 170 1984) . When calculating the AOU the DO is corrected for temperature. This allowed us to 171 determine if DO concentrations were in equilibrium with oxygen in the atmosphere. 172 8 2. 2. Water masses 174
1. Identification of water masses 175
An analysis of Tθ-S diagrams was carried out for the five cruises; Tθ and S were converted 176 to conservative temperature (Θ) and absolute salinity (SA) as described by McDougall and 177 Barker (2011). For water mass identification, in this work first used the limits described by 178 2). DO was incorporated into the diagrams to evaluate the role of seasonality on its vertical 188 distribution in relation to water masses. It was noted that the depth of the 26 kg·m-3 isopycnal 189 varied by more than 100 m regardless on the time of year ( Fig. 3 and Supplementary Fig. 2) . 
3. Tθ-S patterns above 26 kg·m-3 194
Four patterns were visually identified in the Tθ-S diagrams by focusing on the most 195 distinctive characteristics for densities less than 26 kg·m-3 ( Fig. 4) . The four distinct Tθ-S 196 9 patterns (indicated by parallelograms) shown in Table 1 • The pink Tθ-S pattern was characterized by shallow fresh waters (low than 36; see 203 Table 1 ) that are likely associated with river inputs and their offshore transport. In 204 this study, this water mass is referred to as Freshwater Influenced Surface Water 205 (FISW) ( Fig. 2b and 4) . 206
• The green Tθ-S pattern was observed during summer cruises and was characterized 207 by a wide range of temperatures (23.7 to 27.5ºC; see Table 1 ) and salinity, and a 208 subsurface DO maximum ( 232 μmol·kg-1) at a density of approximately 24.5 kg·m-209
• The red Tθ-S pattern was observed during winter and had a narrow salinity range 211 (36.4 to 36.6; see Table 1 ), indicating the limited influence of the CSW coupled with 212 seasonally lower temperatures (22.9 to 23.2 ºC; see Table 1 ). This so so-called Gulf 213
Common Water (GCW) is closer to the surface during winter. 214
215
Finally, in this work carried out a reclassification of the range limits for the water masses 216 lighter than 26 kg·m-3. This reclassification was done using a Matlab program that separated 217 and binned the data based on the four Tθ-S patterns previously described (Table 1) 
4. Analysis of chemical variables 231
To determine the concentration of DIC, coulometric methods were used following the 232 methodology described by Johnson et al. (1987) . Reference materials were provided by the 233 laboratory of Dr. A. Dickson of Scripps Institution of Oceanography. The accuracy obtained 234 with respect to the reference material was ± 2 μmol·kg-1 with a precision of ± 1.5 μmol·kg-1. 
Results 273
Potential temperature and salinity showed spatial and temporal variability at densities < 26 274 kg·m-3 during the five sampling campaigns included in this study (Fig. 1b ). The four patterns 275 that in this work considered relevant for the designation of new thermohaline ranges for water 276 masses above the isopycnal of 26 kg·m-3, namely CSW, SUW, GCW, and the FISW, are 277 described in the following section. observed with ΔT ± 6 ºC ( Fig. 5h, 5i , and 5j). On the other hand, density fluctuated from σθ 288 = 22 to 24 kg·m-3 ( Fig. 5c, 5d , and 5e). 289 290 It is noticeable that during the winter of 2013, when CSW was absent, the 24 kg·m-3 isopycnal 291 and the 27 ºC isotherm were not observed ( Fig. 5b , and 5g). In contrast, water with these 292 characteristics was present during the summer when CSW entered the GoM through the LC 293 ( Fig. 5c, 5d , 5e, 5h, 5i, and 5j). Therefore, the summer characteristics of density and 294 temperature represent the water of Caribbean origin. 295 296
2. Subsurface maximum DO and its association with GCW 297
In addition to the low density/high temperature waters typical of the CSW, in this work also 298 noted the presence of a summer DO subsurface maximum. Figure 6 displays transects of 299 vertical sections of DO for the five cruises carried out during summer 2011, 2015, and 2016 300 a DO subsurface maximum of  210 to 232 μmol·kg-1 is shown to exist ( Fig. 6c , 6d, 6e, 7b, 301 and 7c). This pattern was observed consistently in the three summer cruises. The DO 302 maximum was located between the isopycnals of 24 kg·m-3 and 25 kg·m-3 and can be 303 In this work found that during summer, AOU tends towards negative values (from 2 to -26.5 308 μmol·kg-1; see Supplementary Fig. 1c -e), above atmospheric equilibrium and supersaturated 309 in waters above densities of  24 kg·m-3. In contrast, in late autumn and winter, AOU values 310 in the GCW were positive at the same depths and ranged from 9 to 90 μmol·kg-1 due to the 311 vertical transport of subsurface water ( Supplementary Fig. 1a-b ). This suggests that DO and 312 AOU profiles can be used as criteria with which to separate the CSW from the GCW. 313 314
Description of water masses identification using the new classification. 315
To readjust the thermohaline ranges corresponding to CSW and GCW, oxygen was used as 316 a tracer to separate these two water masses. It is important to note that the thermohaline 317 ranges associated with the SUW were not modified because this water mass is only detected 318 inside the LC. The thermohaline and chemical characteristics of each water mass are 319 described in the following sections. 320 321 Figure 7 shows the Tθ and S data above the isopycnal of 26 kg·m-3 as well as the new limits 323 of salinity and temperature of surface waters (see Table 2 ). Figure 7a , shows typical 324 oceanographic characteristics of water from the Caribbean, including the horseshoe structure 325 present in Tθ-S diagrams that describe the SUW ( Fig. 2 and 4 ). The principal thermohaline 326 characteristic of the SUW is the presence of a salinity maximum ( 36.9) paired with a 327 relative oxygen minimum ( 137 μmol·kg-1) located between 150 and 250 m ( Fig. 7a ). In 328 this work found that SUW typically occurs in summer between 100 to 250 m and transports 329 low oxygen water into the GoM (Table 2) . 330
1. Subsurface Underwater (SUW). 322

2. Caribbean Surface Water (CSW) 331
CSW was only detected during the summers of 2011, 2015 and 2016. DO concentrations 332 varied between 180 to 190 μmol·kg-1 within the top 30 m of the water column. Surface water 333 above the 24 kg·m-3 isopycnal that includes the full range of thermohaline properties needs 334
to be better defined. The T and S ranges in this work propose for this water mass are: 335 temperatures between 27 and 32 ºC, salinities between 36 and 36.8, and a DO concentration 336 range of 180 to 220 μmol·kg-1 ( 
Gulf Common Water (GCW) 341
The surface water between the 24 and 26 kg·m-3 isopycnals also needs to be defined by 342
including the subsurface DO maximum as the upper limit of GCW. In this work propose new 343 range limits for GCW to be temperatures between 20 to 27 ºC, salinities between 36.3 to 36.6 344 and DO between 112 to 232 μmol·kg-1 ( Fig. 7c , Table 2 ). Brunt-Väisälä frequency analysis 345 confirms the late fall data from 2010 and winters 2013 indicated vertical mixing in the first 346 200 m of the water column induced by season "Nortes" (not show figure) . 347 348
4. Freshwater Influenced Surface Water (FISW) 349
The presence of the FISW was observed in summer. FISW was detected in the interior region 350 of the CB and was distributed along the 25 ºN transects during 2010, 2011, 2015, and 2016 351 campaigns ( Fig. 7d ). This coincided with periods of high precipitation prior to and during the 352 campaigns (https://smn.conagua.gob.mx/es/climatologia/temperaturas-y-lluvias/resumenes-353 mensuales-de-temperaturas-y-lluvias). Based on the aforementioned thermohaline 354 characteristics and the distribution of this water mass, the following limits were established: 355 temperature between 24 to 30 ºC, salinity between 33 and 36, and DO concentrations between 356 180 and 220 μmol·kg-1 ( Fig. 7d ; Table 2 ). 357
358
The input of freshwater resulted in a lowering of surface salinity in the first 20 m below 359 approx. 36 (Fig. 7d ). The temperature range was from 24 ºC in late fall of 2010 to 30 ºC 360 during summer (2011, 2015, and 2016). 361 362
4. Water mass variability linked to DIC and nitrate concentrations 363
In general, SUW nitrate concentrations near its Tθ-S upper limit where 0.06 μM at σθ  24.5 364 kg·m-3) increasing to  7.1 μM a near its Tθ-S bottom limit, as defined. DIC concentrations 365 were approx. 2098 μmol·kg-1 and increased to  2150 μmol·kg-1 at  250 m ( Table 2 ). The 366 maximum nitrate concentration ( 7 μM) detected in the first 250 m was in the center core 367 of the SUW at σθ  25.4 kg·m-3 ( Fig. 8a and 8c ), while the DIC maximum of  2152 368 μmol·kg-1 at σθ  25.8 kg·m-3 coincided with DO concentrations of  146 μmol·kg-1 ( Fig.   369 7a, and 8d). 370
As mentioned, the CSW was only detected during the summer oceanographic campaign. This 371 water mass was characterized by low concentrations of nitrate from 0 to 0.48 μM in the first 372 90 m of the water column ( Fig. 8c and 9f ; Table 2 ). Similarly, DIC in this water mass was 373 lower than 2090 μmol·kg-1 ( Fig. 8d ; Table 2) . detected during this season, and it was observed within the lower limit of the GCW and the 378 upper limit of the TACW (Fig. 8a ; Table 2 ). In summer, the highest nitrate concentrations of 379  1.5 μM were found near 100 m, reaching values of approx. 9.4 μM near the lower limit of 380 the GCW at  210 m ( Fig. 8c ; Table 2 ). In the GCW, the vertical distribution of DIC 381 mimicked the nitrate profiles. During late fall and winter, DIC concentrations higher than 382 2080 μmol·kg-1 were found below 50 m and reached maximum values of 2172 μmol·kg-1 383 near the bottom depth of this water mass ( Fig. 8b ; Table 2 ). 384
385
During summer at 50 m (σθ = 24.6 kg m-3), DIC values slightly lower than 2075 μmol·kg-1 386 were observed to increase with depth to  2169 μmol·kg-1 at  210 m (Fig. 8d ). The 387 deepening of the nutricline and carbocline observed during summer was associated with the 388 transport of oligotrophic waters by CSW into the GoM, with low values of nitrate < 1 μM 389 near the surface ( Fig. 8c and 8d ; Table 2) . Table 2 ). In 395 contrast, during summer the concentrations of nitrate and DIC were slightly lower and ranged 396 between 0.08 to 0.34 μM, and 1968 to 2053 μmol·kg-1, respectively ( Fig. 8c , and 8d; Table  397 2). 
1. Reclassification of CSW and CGW using T, S and dissolved oxygen 416
In this work found a noticeable presence of CSW associated with the incursion of the LC 417 during spring-summer as described by Delgado et al. (2019) ; this water mass was absent in 418 late autumn and winter. Recently, the spring-summer incursion of the LC that transports 419 CSW into the GoM has been confirmed, with a maximum presence in summer and a 420 minimum in winter (Delgado et al., 2019) . In this work emphasize that the extended 421 "pulsing" by the LC and the Yucatán Current into the GoM explains the presence of CSW. 422
In this work attribute this absence of the CSW to the weakening of the LC. 423
424
In this work agree that the CSW increases its salt content above the 24 kg·m-3 isopycnal from 425 about 36 at its entry into the GoM in the Yucatan Channel to about 36.8 due to LCE's and 426 coastal upwelling (Wüst, 1964; Hernández-Guerra and Joyce, 2000; Carrillo et al., 2016) . 427
Also, evaporation likely contributes to the increase in salinity, caused by an increase in 428 surface temperature during the summer when CSW is found within the GoM (Fig. 7a , and 429 7b). Previous studies have reported that the increasing stratification during the summer 430 revealed the existence of a subsurface DO maximum, which allowed us to separate the upper 449 limit of the GCW from the bottom of the CSW. However, in this work suggest that the 450 20 mechanism by which do behaves conservatively is as follows: during autumn-winter when 451 the incursion of LC is minimal, the GCW is distributed at the surface. Intense winds are 452 known as "Nortes" occur during this period and intense mixing takes place in surface waters 453 of the GCW, resulting in the homogenization of all properties. The oxygen concentration 454 measured during the winter months was approx. 220 μmol·kg-1 ( Fig. 6a-b and 7c ). During 455 spring-summer, the LC advects the warm, oligotrophic waters of the CSW into the interior 456 of the GoM on top of the GCW. This water has a lower DO concentration than that found in 457 the surface waters of GCW in winter, which is caused by temperature-related differences in 458 solubility (Benson and Krause, 1984) . The warm water of the CSW induces stratification that 459 limits the exchange of oxygen with the underlying GCW ( Fig. 6a-c, 7a, and 7c ). The 460 boundary between both water masses is therefore indicated by the maximum subsurface DO 461 concentration (Fig. 6 ). In this work estimate that the DO concentration difference is approx. 462 50 μmol·kg-1 (180 to 230 μmol·kg-1 see figure 6 ), and can this difference can be explained by 463 differences in solubility, ruling out that the DO maximum is associated with photosynthesis. 464 This is supported by a depth difference between the peak of maximum fluorescence and the 465 maximum subsurface DO, maximum fluorescence occurs below of the subsurface DO 466 maximum ( Supplementary Fig. 3) . Also, during summer cruises, the AOU in the CSW tends 467 towards negative values ( Supplementary Fig. 1c-e ), these are usually found above densities 468 of approx. 24 kg·m-3 ( Fig. 5) , from a greater exchange with the atmosphere. In contrast, 469 during late autumn and winter, the AOU presented positive values due to more respiration 470 within the GCW ( Supplementary Fig. 1a-b) . 471 472
1. 2. On the formation of GCW 473
The surface presence of the GCW in the autumn and winter is caused by: 1) the absence of 474 CSW due to the retraction of the LC, and 2) the strong winds that result in a well-defined and The presence of FISW reported in this study during the summers in the central region (24º-495 25ºN, 95.6º-88ºW) is likely due to river inflows, precipitation and offshore transport. In the 496 central region of the GoM, relatively low salinities were measured that can only be explained 497 by the contribution of freshwater from rivers or precipitation. For example, in the central 498 stations located along 25 ºN, salinities of approximately 33.1 were detected in the first 20 m 499 of the water column, which would lead to the formation of FISW (Fig. 1c) . These freshwater 500 extended from the edge of the shelf toward the ocean, particularly during the winter. Also, a 518 decrease in offshore salinity was attributed in the coastal region of the CB to freshwater input 519 by Vidal et al. (1994) ; FISW was also detected at stations closer to the coastal region of the 520 CB in the three summers oceanographic camping. It may also be noted that this type of water 521 was observed in the semi-permanent cyclonic eddy reported by Nowlin (1972) and Pérez-522 
1. The surface water masses modulate the depth of the nutricline 537
One of the biological implications of the presence of CSW is that it is oligotrophic reaching 538 down to 90 m in spite. This can be seen in figure 10, wherein this work compares the vertical 539 distribution of nitrate and density with ADT maps for summer 2015 (when mesoscale eddies 540 were abundant) and winter 2013 (when the number and spatial extent of eddies were smaller). 541
During summer, a near-surface incursion of low-density water associated with the CSW was 542 observed (white line Fig. 10a ). This incursion brought water with oligotrophic characteristics 543 to depths shallower than 70 m (nitrate from 0 to 0.48 μM; DIC  1978 μmol·kg-1, Fig. 8) . 544
Nitrogen fixation process uses to be present on this oligotrophic surface North Atlantic Ocean 545 waters (Montoya et al., 2002) . The horizontal distribution of the concentration of nitrate and 546 DIC was reduced by stratification following the entrance of the LC that transport the CSW 547 into the interior of the gulf. In winter, the absence of the CSW is accompanied by a well-548 mixed density distribution in the first 200 m as the GCW predominates (Fig. 10d ). Higher 549 nitrate (0.02 to 13.7 μM) and carbon (> 2036 μmol·kg-1) concentrations were observed near 550 the surface above depths 75 m. 551 552 Therefore, the alternating absence or presence of the CSW is related to the nutricline depth; 553 in summer when CSW overlies the GCW, the nutricline is deepest (Fig. 10) . In winter, when 554 the GCW predominates and the TACW is shallower, deeper and well-defined, the nutricline 555 is found closer to the surface. The importance of this redefinition of the water masses 556 contributes to a better understanding of their role in the dynamics of nutrients (and carbon). 557
Finally, an analysis was carried out using the CARS2009 database (CSIRO Atlas of Regional 558 Seas) in order to evaluate the temporal changes of the CSW and the GCW. 
Conclusions. 577
A re-classification of the water masses above the 26 kg·m-3 isopycnal was carried out 578 resulting in a modification of the present thermohaline ranges defining the CSW and GCW 579 water masses. For the re-classification of the CSW and the GCW, DO concentrations were a 580 key indicator of water mass limits. In addition, another water mass, the FISW, formed by the 581 influence of the freshwater inputs, was included in the new classification. 582 CSW was detected only during the summer with a vertical spatial domain encompassing the 583 first 90 m and featured warm waters, high salinities, non-detectable nitrate concentration, and 584 negative values of the AOU. It was also found that the lower limit of this water mass is 585 delimited by a maximum subsurface DO. The presence of this subsurface maximum was 586 found only in the summer and separates the CSW from the GCW. Likewise, the presence and 587 absence of CSW was found to modulate the depth of the nutricline and likely influences 588 primary productivity. 
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3.2.
The code calculated the average value of the DO data less than the 23.5 kg·m-3 847 isopycnal (2nd condition), associated with the green profile (third pattern). 848 3.3. If there are no data less than 23.5 kg·m-3 density, the code will search for the first 849 5 surface data to average value the DO and carry out the next step (2nd condition). 850
Finally, the program carried out a comparison between the average values 851
obtained from both conditions. This comparison was used to determine if the DO 852 values from the 1st condition were greater than those from the 2nd condition. If this 853 was true, the code classified the data set with the green profile characteristics (3rd 854 pattern). If it was not the case, the code classified it with the red profile characteristics 855 (4th pattern). 
